Abstract: Sustainability is the capacity to endure and ensure that the advanced technology for electric vehicles (EVs) remain diverse and productive over time. The power optimisation of the battery pack has been maintained by enhancing the lifespan of the battery with keeping the battery temperature 35-40°C and cell's state-of-charge (SOC) balance with the variation 2-5%. A ZigBee wireless battery management system (WBMS) has been developed from this study to control the evaporative cooling battery thermal management system for the optimum range of battery temperature both in charging/adverse discharging. The WBMS allows the vehicle to utilise the maximum energy available from the battery for a given drive cycle whilst maintaining pack SOC balance within the range of optimal functionality. The WBMS multistage charge balancing system offering more effective and efficient responses to several numbers of series connected battery cells. The balancing results for two cells and 16 cells are improved by 15.12% and 25.3% respectively.
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Background of the study
It is important to promote sustainable energy policies that spur economic growth and environmental protection in a global context -particularly in terms of reducing greenhouse-gas emissions that contribute to climate change. Also, to support global collaboration on energy technology to secure future energy supplies and mitigate their environmental impact, including through improved energy efficiency and development and deployment of low-carbon technologies, and to find solutions to global energy challenges through engagement and dialogue with non-member countries, industry, international organisations and other stakeholders.
In wake of Rio+20 and the commitment of $175 billion from the eight largest multi-lateral banks, sustainable transportation initiatives will continue to gain momentum. EVs will be one part of larger, sustainable transport solutions. As EVs become more commonplace, prices will fall and consumers will purchase more of them. Cities and communities are already realising the benefits of EVs; it is time for national governments to commit to greener transportation technologies as well, thereby ensuring a sustainable energy future. Continuing reductions in battery prices could bring the total cost of ownership of electric transport below that for conventional-fuel vehicles by 2025, even with low oil prices. The electric vehicle revolution could turn out to be more dramatic than governments and oil companies have yet realised.
The electric vehicles will hit 41 million by 2040, representing 35% of new light duty vehicle sales. This would be almost 90 times the equivalent figure for 2015, when EV sales are estimated to have been 462,000, some 60% up on 2014. The research estimates that the growth of EVs will displace 13 million barrels per day of crude oil but use 2700TWh of electricity. This would be equivalent to 11% of global electricity demand in 2011. It assumes that a BEV with a 60 kWh battery will travel 322 km (200 miles) by full charging battery (Cetto, 2000) .
Lithium-ion battery costs have already dropped by 65% since 2010, reaching $350 per kWh last year and it would be below $120 per kWh by 2030 (Mckerracher, 2017) . The crude oil price recovering to $50, and forecasted trending back up to $70-a-barrel or higher by 2040 which might increase the sales of electric transport. Battery prices fell 35% last year and are on a trajectory to make unsubsidised electric vehicles as affordable as their gasoline counterparts in the next six years, according to a new analysis of the electric-vehicle market by Bloomberg new energy finance (BNEF). That will be the start of a real mass-market lift off for electric cars. The electric cars on the road will rise as its price will be equal to the price of IC engine power conventional car by 2022 (https:// about.bnef.com/blog/electric-vehicles-to-be-35-of-global-new-car-sales-by-2040/#_ftn2).
Rechargeable lithium batteries batteries are utilised extensively (Kim et al., 2014) . This technology has attracted more attention, especially for an electric vehicle, due to a clean alternative, domestic energy independence, cost and savings, low self-discharge rate (6-10%), high terminal voltage, high discharge current, non-memory effect and longer life cycle (Gering et al., 2011; Guo et al., 2015) . Battery pack is a non-linear system; the available capacity is affected by the charging-discharging cycles, over charging, under discharging, and excessive temperature. The battery pack needed to be supervised by battery management system (BMS) to offer the safe operation and optimum performance (Stuart and Zhu, 2011; Xing et al., 2011; Lee et al., 2016) . In practice, a BMS collects information from the sensors (voltage, current, temperature, and SOC) and takes a specific action by activating the precise circuitry during charging and discharging operation.
The objective of this paper is to present the technologies, evaporative battery thermal management system and wireless battery management system (WBMS), to optimise the battery power pack performance and offer safety operation of electric coaster. The offered technologies could be considered as the urgent implification for all electric transports to reach the end-users in sustainable manner.
Development of electric coaster
The state-of-the-art of the green transportation, the conventional front wheel drive (FWD) Mercedes Benz (MB140D 2.9M) has been converted into electric van (Figure 1) , it is efficient in terms of the mileage three times more than the original state while it reduce the emission about 90%. It is originally 5-speed manual transmission, 4-doors, 14-seater with a 2.4 l diesel engine powered van. The van is converted into electric van and given name as Electric Coaster (e-Coaster). It is converted by replacing the IC diesel engine by a 60 kW AC motor equipped with a 12 VDC Contactor. A Curtis of 144 V and 500 A controller controls the motor operation both in reduction and cruising. The motor is capable of producing 60 kW and 150 Nm. It is 4.75 more efficient than the engine. The weight of the AC-51 (60 kW) motor is 52 kg which cuts away the weight of the IC diesel engine about 35 kg. The AC traction motor is powered by a LiFePO 4 battery capacity of 12.8 kWh and nominal voltage 150 V. An evaporative battery thermal management system has been designed to control the battery temperature in the range of 35-40°C. The 5-speed transmission has been customised into 2-speed transmission: one for the reduction-high acceleration and the other one for cruising speed. Aluminium alloy adapter used to attach a customised 2-speed transmission with the AC traction motor. The maximum torque is available 450 Nm from 0 rpm to 1700 rpm of the motor, the maximum power of 60 kW. The battery delivers 350 A to the motor to meet the traction power of the e-Coaster. Under bonnet AC motor controller of 144V and 500A, power driver, junction board, air-conditioning inverter and 120/150 V on-board battery charger. The controller uses IGBT switching devices in a PWM system. A phase control system involves both advanced angle control and field weakening to optimise operation both urban and motorway conditions. Energy recovery is carried out both braking and 'throttle-off' coasting modes. Low rolling-drag tyres are inflated to 330 kPa and just have 25% resistance reduction of conventional tyres. A 'power save' feature automatically reduces peak power when battery state-of-charge (SOC) drops to 15% and below. An instrument display shows the battery SOC as a biaxial graph with clearly marked segments which ever respond to throttle pedal depression. The e-Coaster has a 60 km urban range with top speeds of 40 km/h by a single charging battery. The full recharging time of the battery is 4 h with our own charging system. The e-Coaster can travel 30 km with 1 h charging battery. The WBMS is equipped with the e-coaster to operate the evaporative battery thermal management system and cells charge balancing system. 
Battery thermal management system
The battery thermal management system (Figure 2 ) has been developed for e-coaster to maintain the battery temperature by a direct refrigerant-based evaporative cooling. Heat generated from the battery is absorbed by the evaporating refrigerant inside the cooling duct and then dissipated to the surrounding air at the condenser. Thus the system is able to maintain the temperature of the battery in the range of 30-40°C. The combined effect of battery cell's charge balancing system and battery thermal management system could enhance the battery life from 8 years to 10.5 years (projection based on field experimental result both in International Islamic University Malaysia campus and Sepang F1 circuit, Malaysia) (Rahman et al., 2017) . The central control system of BMS communicates with its sub-systems through the controller area network (CAN) bus or serial bus to provide safe and efficient performance. BMS collects the information from the sensors (voltage, current, SOC, impedance, internal and ambient temperature) related to battery cells or pack, process, controls its sub-systems and send that information to the user end to monitor through communication interface. Currently, two types of communication system are being employed with BMS, which are wired and wireless communication. For wired communication, each battery cell connected to BMS. Since battery pack consists of a large number of cells, the complex connection causes the correction of the electric contact, which may lead to whole system failure (Riemschneider, 2006 
Wireless battery management system
A wireless battery cell's charge balancing (BCB) system with developing algorithm based on the battery electrochemistry of LiFePO 4 for maintaining the accurate SoC and state-of-discharge (SoD) for the individual cells. This allows the vehicle to utilise the maximum energy available from the battery for a given drive cycle whilst maintaining pack balance within the range of optimal functionality. This system is capable of preventing overcharging and over-discharging of LiFePO 4 cell. Using an 86 Ah capacity battery of nominal voltage 97.5 V both in charging and discharging have conducted the performance measurement of BCB. The battery was made with 13 modules each of nominal voltage (NV) of 7.5 V and capacity of 86 Ah connected in series. The performance of our developed wireless BCB was recorded by measuring voltage of the 1st module (M) and 13th module. The difference was found from 1st M to 13th M: 0.66% at full charge and 0.95% at full discharge. The BCB system has been developed with developing algorithm based on the battery electrochemistry of LiFePO 4 by testing the charge balance both in charging and discharging state. The switching mode has been developed based on the charging current 30 -40Ah and discharging current 60-500Ah (Rahman et al., 2016; Hua and Fang, 2016) .
Wireless monitoring and controlling model
The ZigBee wireless network is deployed in BMS to control the battery temperature and balance the cells charge by monitor SOC, SOD, and temperature of battery pack with the supports of sensors (SOC, voltage, current, and temperature), two master controllers, and four slave controllers (Figure 3) . The monitoring/user end controlling unit is made of a display unit, a user controlled unit. To communicate between two parts, two ZigBee wireless communication devices are used due to its low power consumption, high reliability and low data rates (Chen et al., 2006; Han and Lim, 2010; Uno and Tanaka, 2011) . There are two slave controllers under a master controller in each side that work individually. In the BMS part, slave controller (106) collects the information regarding a battery pack from the employed analogue sensors (SOC 107-1, voltage 107-2, current and temperature 107-3) and mapped into its specific ranges. After that, slave controller (106) sends the processed information to the master controller (101) as shown in Figure 4 (a). On basis of the receiving information, the master controller (101) takes two decisions: communication and control signal generation. To communicate with the monitoring device, master controller (101) activates ZigBee coordinator (100) to send the information. Besides, it sends a control signal to the slave controller (102) to turn ON/ OFF switches for the thermal management, charging operation, charge balancing system after checking the allowable range of voltage (2.7-4.2 V), temperature (<46°C) and SOC (30-85%). On the monitoring and user controlled side, master controller (B) 109 receives the sending information via ZigBee coordinator 2 108. Then master controller (109) processed the information and sent signal to slave controller (106) to display information or show a warning message. Slave controller 2 (111) receives two information either copy of information from slave controller 1 (110) or user command (ON/OFF) (115) and sends to the master controller (109). Then master controller (109) receives the request and sends to master controller (101) to take necessary actions on maintaining the battery temperature.
Results and discussion
Experiment has been conducted by measuring the performance of the motor in terms of torque, speed and battery current drawn (DC current). The main objective of this measurement is to know the DC current requirement for the motor to develop the traction torque of the vehicle and to maintain the vehicle cruising speed. The traction torque of the vehicle is developed in the range 360-475 ft. lbs (172-575 N.m) for the motor torque of 120-158 ft. lbs and speed in the range of 35,000-4500 rpm ( Figure 5 ). The WBMS has been developed with developing an algorithm based on the battery electro chemistry (LiFePO 4 ) for maintaining the accurate SoC and SoD of the individual cells. This allows the vehicle to utilise the maximum energy available from the battery for a given drive cycle whilst maintaining pack balance within the range of optimal functionality. This system is capable of preventing overcharging and over-discharging of LiFePO 4 cell. The battery was made with 22 modules (M) each of nominal voltage (NV) of 7.5 V and capacity of 86 Ah connected in series. Based on the topology, the experimental work has been setup and shown in Figure 6 . The performance of developed WBMS was conducted in laboratory and measured the voltage of the 1st module and 22nd module. The difference was found from 1st M to 22nd M: 0.66% at full charge and 0.95% at full discharge. Experiment has been conducted for a module after 30 min of e-coaster propelling; it is found that the SOC of 83.82% for cell B1, 83.8% for B2, 83.78% for B3 and 65.25% for B4 (Figure 7 ). The cell B4 was found a weak cell, which is unable to balance during SOD. In addition, the cell B4 was not balanced as B1, B2, and B3 during charging. The result indicates that the potentiality of the wireless cell balancing is highly effective and it has positive effect on the battery lifespan by preventing the cells from damage or even fire. 
Battery temperature with WBMS
Battery temperature has been measured based on the sensors using evaporative control battery thermal management system (ECBThMS) during discharging current for the 60-70 A and 220-240 A by two different modes: with and without WBMS. The results are presented in Tables 1 and 2 . The positive difference shows that the modules' SOCs were in the range of 83-84%, which were uniformly discharge current, and temperature goes up uniformly while the negative module shows that the module has SOC below 70%, which contributes more temperature. Overall, the temperature difference was not significant. Figure 8 shows the temperature of the modules recorded using the WBMS for the vehicle speed of 60 km/h and 120 km/h. The result shows that the temperature spike of the battery is proportional to the discharge current (i.e., T ∝ I, where I is current and T is temperature), which is mainly for the ohmic affect (i 2 R). It is found that the 48 kW motor has drawn 200 A current to speedy the e-coaster 120 km/h and the battery temperature spike to 49°C in 20 min. The battery temperature has a recorded maximum of 35°C for the vehicle speed 60 km/h due to the current drawn by the motor from the battery about 70 A. The energy efficiency of the developed EC-BThMS has been compared with two other EVs using air cooling battery thermal management system (AC-BThMS 1 and AC-BThMS 2). For these AC-BThMS, all the fans for air blowing were kept running during operation of the vehicles. The result of the cooling systems is shown in Table 3 . Table 3 indicates that the EV with EC-BThMS can save 17.69% more energy than the EV with AC-BThM 1 and 23% than the EV with AC-BThMS 2. This is because the EC-BThMS able to maintain the temperature of the battery pack in the range of 20-40ºC.
The result of Table 3 shows that the EV with EC-BThMS can save 25% more time than the EV with AC-BThM 1 and 23% than the EV with AC-BThMS 2 for the quarter mile acceleration; 20.21% more time than the EV with AC-BThM 1 and 21.28% than the EV with AC-BThMS 2 for the two laps travelling. 
Conclusion
Based on the study it is concluded that the evaporative cooling battery thermal management system is the best system to control the electric transport battery temperature in the range of 35-40°C.Therefore, by decreasing the battery charging cycle and battery temperature, the evaporative cooling battery thermal management system would be able to enhance the battery lifespan. The enhancement of the battery lifespan would be more by using the WBMS, which balances the battery cells in shorter time by keeping the cells' variation to about 2.5-5%. The WBMS is important for the electric vehicle battery mainly to balance the charge while controlling the battery temperature is not so efficient otherwise.
